SW&HW Co-Design and Implementation Research of G.723.1 Vocoder SOC based on LEON3 by 郭子超
 
学校编码：10384                               分类号    密级     




工  程  硕  士  学  位  论  文 
 
基于 LEON3 的 G.723.1 声码器 SOC 软硬件协同设计
与实现研究 
SW&HW Co-Design and Implementation Research of 




指导教师姓名： 周剑扬  副教授 
专  业  名  称： 电子与通信工程专业 
论文提交日期： 2012年  6月 
论文答辩时间： 2012年  6月 
学位授予日期： 2012年  月 
 
 
       答辩委员会主席：            
       评    阅    人：            

































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的
















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 




































摘  要 
 
 随着开源硬件的蓬勃发展， 开源处理器软核越来越被学术界和工业界接受
和使用。特别是 Aeroflex Gaisler 公司开发的 LEON 系列开源软核处理器， 已经
成为研究和应用的热点。基于这个背景，本文以 G.723.1 声码器的 SOC 实现作为
案例， 研究探讨了基于 LEON3/GRLIB 平台的 SOC 设计和验证方法，展示了
程序性能分析-硬件加速-软件优化三部曲的软硬件协同设计过程。 由于 LEON3
官方文档中缺失对于协处理器的描述，另外 VHDL 源代码对于协处理器的支持
也不完善， 本文的最大贡献在于重点分析了 LEON3 的协处理器接口并详细描
述了协处理器的设计实现细节。 
 本文首先介绍了基于 LEON3/GRLIB 平台的 SOC 架构和仿真/验证方法，然









































 As the rapid development of open-sourced HW, open-sourced soft-processors 
become more and more accepted and used by academic circles and industrial circles. 
Especially the open-sourced LEON-series processors developed by Aeroflex Gaisler 
Inc., has been extensively researched and exploited.  In such a situation this thesis 
illustrates an implementation case of G.723.1 vocoder, which demostrates 
methodologies of SOC design and verification based on LEON3/GRLIB SOC 
platform.  And it presents a SW & HW co-design flow in combination of SW 
performance profiling, HW accelerating and SW optimization. Due to lack of 
coprocessor description in LEON3 official documents, and incomplete coprocessor 
support in LEON3 VHDL model, the most significant contribution of the thesis is 
analysing LEON3’s coprocessor interface and describing in detail the design and 
implementation of coprocessor. 
 The thesis first introduces the SOC architecture based on LEON3/GRLIB 
platform. Secondly the performance of ITU-T G.723.1 reference code is measured and 
profiled , which establishes the objective of HW acceleration. Next is the most 
important chapter of the thesis, which explains how to implement a pipelined 
coprocessor on LEON3 and illustrates in detail the coprocessor design targeting 
G.723.1 algorithm acceleration. Facing the problem of pipeline data hazard and 
operand bits-width that would dramatically reduce instruction performance, different 
methods are analysed then data-forwarding technology and mirrored register file is 
adopted. When HW implemented, self-defined coprocessor instructions are employed 
to optimize the algorithm code and the result is analyzed. In addition, the different 
memory sub-system configurations are thoroughly experimented on, and the results 
correspond to theoretical analysis. Finally, G.723.1 program is running and tested on 
FPGA prototype, results of which prove the correctness and effectiveness of 
coprocessor design. 
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